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A SLOHED LINE RECORDER SYSTEM 


r' 


With th(* introduction of the OR900 
Precision Ccmxial Connector' and asso¬ 
ciated equipment’, the trend to grtuiter 
accurac^^ and precision in microwave 
impedaiKje measurements has been 
greatl}' accelerated. Not onl^^ does the 
connector itself boast a vswu an order 
of magnitude l:>etter than that of any 
previous connector, but the availability 
of such a true precision connector has 
l(*d to the development of a (TUtKK) 
line of components and devices, all of 
which share the connector’s electrical 
and mechanical excellence. 

.^Vn expanding, self-refining tech- 
nology demands improvements not only 
in devices but in techniques. Given 
^ the new tools of the GR900 line, we 
were able to reappraise* the traditional 
methods of measurement, to see whether 
remaining limitations were imposed by 
the procedures them.selves, by the 
available equipment, by the method of 
datii presentation, or by some other 
factor capable of improv'ement. 

As the lja.sic tool in coaxial imp<*dance 
measurements, the slotted line remains 
unsurpassed; its accuracy is absolute, 
since its standard impedance is the 
characterLstic inqxMlance of a coaxial 
line. The inherent accuracy of the 
slotted line, as well as its stability and 
broad bandwidth, led to the investiga¬ 
tion of the limitations of this in.*<tru- 
ment for li>w vswu measurements. .\s 
might Im‘ expected, we found the limit¬ 
ing factors to be not in the slotted 
line itself but in the noise level and 

• A. K. San»|priKin, “A Kmlicnlly Nrw Coaxial Connwtor 
(or Mraaor«>rnt*nt«," fJenrral Hndto Kxprh- 

mchter, Febrnnry-March 

■John Zorxy, “I'rpciiiion (’oaxial H«)uipmcnt — Tht* W)0 
Sf>ri<ai," General Hadio Exptrimenltr, No^'cmbcr llKiS. 


limited scale expansion of commercial 
standing-wave indicators. This con¬ 
clusion led to the development of the 
Typk ir)40-A Slotted Line Recorder 
System. 

'I'he combination of a slotted line 
and a graphic recorder produces a re¬ 
cording of the slotted-line probe output 
as a function of prolx? po.sition that far 
exceeds, in resolution and usefulness, 
the conventional meter readout. The 
noise figure of the transistorized Type 
ir>40-A System is held to less than 5 
dH, and the high signul-to-noise ratio 
at the crystal detector (normally over 
80 (IB) is |)re.served through the am¬ 
plifier chain and the ]*ecording proce.ss. 
The recording of vswu’s as low as 1.001 
with excellent signal-to-noise ratio is 
entirely practical. 

The u.se of a slotted line recorder 
system not only overcomes the tradi¬ 
tional scale-factor and noi.se ^problems 
but also olTers the many advantages 
of a |)ermanent recording. The chart 
record, for e.xainple, can l>e analyzi*d 
graphically for the most accurate meas¬ 
urement of V8WH, po.sition of minimum, 
and other waveform characteristics, 
llie minima of Iow-vswk patterns are 
particularly difficult to locate by tradi¬ 
tional technifjues, Iwcaiisi* of their .shal¬ 
lowness and iH'cau.se of the apparent 
shift of po.sificm if tilt exists in the 
flatness curve. On a chart record, the 
positions of minima are strikingly (*asier 
to locate, not only b(»cause the pattern 
is greatly expanded, but also lx*cause 
the v.swK pattern and the flatne.ss 
curve are easily di.s(‘ntangled when 
lM)th arc visible together. 
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Sevenil plots can Ihj made on the 
siinic chart so that, for example, the 
positions of minima with short-<*irciiit 
termination and with unknown at the 
reference plane can lx* inten^oinpared 
directly. Wherever the tliD'crencr !>e- 
tween tw’o measurement conditions is 
important, any irrej^ularities in the 
slottetl line (in constancy of prolx^ 
penetration, for instance) effectively 
cancel out in a multiple plot, aiul the 
difference .show’s up clearly as a sinus¬ 
oidal w'obhle of one trace about the 
other (.see Fij^ire 1). Ik'cause of the 
effective elimination of slotted line im¬ 
perfections from the measurement, the 
substitution method by graphic rec'ord- 
ing yields the most ac<*uratc, re|>eatable 
measurements of low" vswh with the 
Typk 1(540-A, dow’u to I.OOI. 

Hei)eatability and compari.son meas- 
urtunents are also facilitate<l by the 
multiple-recording tcchni({ue. A series 
of measurements, for in.stance, can l»e 
plotted on the same section of chart 
paper as a rapid method of compari.son- 
checking components against a stand¬ 
ard. The graphic record also (piickly 
reveals whether the measurement is a 
true one or whether it is Ixdng dis¬ 
torted by a noisy signal generator, a 
connector that doesn't repeat, or some 
other unforeseen factor. Finally, as a 
continuous monitor on equipment op¬ 


eration, the recording far surpasses the ^ 
usual vswR meter in convenience. 

THE TYPE 1640-A SLOTTED LINE 
RECORDER SYSTEM 

The new Slotted Line Recorder Sys¬ 
tem, show'll in Figures 2, comprises 
a standard Type IKK)- LB Precision 
Slotted Line and a modilied version of 
the Type 1.521 Ciraphic Level Re¬ 
corder (Type 1.521-81^), along w-ith the 
necessary interconnecting linkage and 
mounting hardware. The slotted line 
is mounted in its usual l>ench-top posi¬ 
tion, and the recorder is beneath the 
bench, either on a shelf or suspended 
from the liench top w'ith the bolts 
provided. The meUil mounting plate on 
w'hich the slotted line rests has four 
studs, which engage the rublier feet of 
the slotted line, and a projecting shaft. 

A gear on one end of this shaft is ^ 
coupled to the pro lie-carriage drive, 
and a sprocket on the front end engages 
the external chain-link drive of the re¬ 
corder. The motor that powers the 
chart drive thus also drives the probe 
carriage of the slotted line, and the 
chart paper is automatically given the 
correct horizontal axis for the desired 
vsw’R plot. The vertical axis of the 
plot is supplied by the audio output of 
the crystaf detector, which is connected 
by a coaxial cable from the probe 



Figur* 1. Multiple plot 
usod to measure dif> 
ference between two 
meosurement condi¬ 
tions. Note that the dif¬ 
ference in the record¬ 
ing (a 4~ b) is o sine 
wove corresponding to 
a VSWR of 1.002! 
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ADJUSTABLE 
PROBE-TUNER 


SLOTTED LINE 
(COMPLETE) 


VSWR RANGE CONTROL 


SYNCHRONOUS 
DRIVE LINKAGE 


PEN-POSITION 
CONTROLS 


MOTOR 
- DRIVE 
CONTROLS 


STRIP CHART 


Figur* 2. Typ« 1640-A Slofftd Line Recorder Syifem. Owners of Type 900-LB Slotted Lines 
con eosily odd recorder and connecting linkoge. Prices ore ovoiloble on request. 


^ carriage to the recorder input connector. 
The recorder suppre^^ses the zero level 
and applies the resulting greatly ex¬ 
panded vswn pattern to the vertical 
axis of the strip chart. The degn*e of 
.scale expansion is remarkable: On a 
typical VSWR meter a vswh of 1.10 
takes up two inches of scale, whcrea.s a 
VSWR of 1.008 can be expanded to the 
full 4-inch width of the chart paper! 

THE SLOTTED LINE 

The Type 000- LB Precision Slotted 
Line* is the most precise coaxial impe¬ 
dance-measuring instrument available* 
commercially, with a residual vswu of 
l.(X)l + 0.(K)l/«e from :t(K) Me/s to 
9 Gc/s; it is, moreover, an extremely 
ruggeel, reliable instrument who.se cali¬ 
bration can l)e expected to stay within 
specification indefinitely. The forged 
^ ouU»r conductor joins its connectors 
smoothly, without the rcflection-caus- 

' Zoriy, op. cit. 


ing steps and discontinuities found in 
noncylindrical coaxial slotted lines. 

The chrome-plated outer conductor 
of the line is a 2fi-inch, precision-forged, 
brass tube, lined with a O.OOOo-inch 
layer of pure silver for low loss. The 
finished inner diameter is ().5()2r) inch 
db 1(X) microinches. The inner con¬ 
ductor is steel with a 0.(KX)'>-inch la^'cr 
of silver and is centerle.s.s-ground to a 
tolerance of ±: oO microinches. Both 
inner and outer conductors are stress- 
relieved to resist diameter changes due 
to machining. 

Two interchang(‘able electrostatic 
probe assemblies are supplied: a tuna¬ 
ble probe for use with the built-in de¬ 
tector for modulated signals and an rf 
probe to couple an unmodulated .signal 
to an external detector. Kither mounts 
in the carriage that transports the. 
prol>e through the entire oO-cm length 
of the slot. This cast brass carriage, 
with its honed sleeve bearing, rides 
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Recorder. L. .pen - positioning servomechanism— ~ -J 


smoothly on the finely ground surface 
of the outer conductor. 

Prol>e position along the fiO-cm slot, 
relative to the reference plane of the 
GHtKX) conne<!tor, is indicated to within 
O.l millimeter by a calibrated milli¬ 
meter scale with attached vernier. 

Depth of penetration of the tunable 
probe is controlled and indicated by 
a micrometer adjustment. The scale 
is preset to indicate directly the dis¬ 
tance t)ctween the prol)e tip and the 
center conductor (smallest marked in¬ 
terval: 0.001 inch). A po.sitive stop 
prevents the prolx; from striking the 
center conductor. 

The probe is tuned to resonance (at 
any frefjuency from ,‘^00 Mc/s to 9 Gc/s) 
with a built-in short-circuited stub, 
whose length is adjusted by means of a 


rotating barrel drive. One turn of the 
barrel moves the short circuit 1 cm. 

A logging scale indicates position of 
the short circuit within the barrel. 

SLOHED LINE RECORDER 

The Type 1521-SL Slotted Line Re¬ 
corder is a transistorized, single-fre- ^ 
quency, servo-type instrument (sec 
block diagram, Figure 3), which pro- 
diKtes, on white chart paper, an ink 
record of the standing-wave pattern 
of the slotted line. Scale expansion is 
continuously adjustable, with the con¬ 
trol calibrated in vswit, % full scale 
(a vsvvu of 1.01 is defined as equivalent 
to 1%). Standing-wave patterns of 1.2 
to l.(K)8 in vswu can 1)C expanded to 
occupy full scale. 

The vswu accuracy of the strip-chart 
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recording depends only on three stable, 
wire-wound potentiometers in the servo 
lo«>p. These are eustom-calibrated in 
each instrument. The accuracy is within 
one minor division of the chart paper 
(l/-iOth of full scale) for all positions of 
the vswR, % FULL scALK Control. 

Sensiti\'ity (the minimum .signal level 
for an on-scale indication) is con¬ 
tinuously adjustable from 50 micro¬ 
volts to 2 millivolts. The 2-millivolt 
upper limit is set by the square-law 
characteristic of th(j crystal dete(.*tor, 
the .50-micro volt lower limit by the 
df'gradation in signal-to-noise-ratio 
(which also determines the minimum 
detectable vswr). 

The amplifier Is fixed-tuned to 1)90 
c/s (avoiding harmonics of 60 c/a and 
50 e/s) and has a 55-cycle bandwidth. 
The 5-dB noise figure at this bandwidth 
results in a vswR-c(|uivalent noise level 
of l.(K)0l (0.01%) at an audio input 
signal level of 1.0 millivolt. 

Oiart Drive 

The chart driv'c has four speeds; 
since two sprockets of 2:1 different 
.sizes are supplied, there are eight 
poasible slotted-line carriage drive 
speeds, from 5 to 0.08 centimeters per 
second. One horizontal division on the 
chart paper corresponds to either 1 or 
0.5 centimeter on the slotted-line .scale, 
depending on which sprocket is used. 


Fast chart speeds and the l-cm/divlsion 
.sprocket are UHi?d at lower freciuencies, 
while the slower .speeds and the 0.5-cm/ 
division .sprocket expand the horizontal 
scale for Ix'tter precision at the high 
end of the l)and. At any Jrtauciwy from 
0.6 to 9 Cic/Sf two full eyries of the 
stnmitng-warr pnitrrn can be scanned in 
five seconds^ without perceptible distortion 
of the standing-wave pattern, 

APPLICATIONS 
Direct VSWR Measurement 

The primary application of tin* 
Slotted Line Recorder System is, of 
course, the measurement of the vswr 
of an unknown one-port component by 
the direct mefhml. If vswr alone is 
de.sired, the recorder motor drive is 
engaged for at least one cycle of the 
standing-wav^e pattern, to produce a 
record similar to that .shown in Figiire 4. 
If the pha,<c of the vswr pattern Is also 
important, then a Type 900-WN Short- 
Circuit Termination (supplied with the 
.system) is connected in place of the 
unknown, and a .second curve is stiper- 
imposed on the first (see Figure 5). The 
distance Ijetw(»en positions of minima i.s 
then measured directly on the chart 
paper, as is wavelength, and the value 
of d/X, thus determined, Is transferred 
to the Smith chart as wavelength.s- 
toward-load. The ease with W'hich the 
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Figure 6. Multiple 
recording used in 
substitution - method 
VSWR measurement. 


positions of minima can be located 
graphically ensures excellent phase 
measurements, even for vswr’s as low 
as 1.01. 

Direct vswn measurements can be 
made on connector systems other than 
GR^KK) by means of GROOO precision, 
low-vswR adaptors. These are now 
available to types bnc, c, n’, txc, and 
GR874 connectors (see page 17). 
Substitution VSWR Measurement 

For even greater accuracy, .a substi¬ 
tution technicjue can be used,^ with 
a Type 900-LZ Reference Air Line act¬ 
ing as an impedance standard. Accu¬ 
racy of measurement is increased by a 
factor of from 2 to .5, depending on 
frequency, and the po.sition of minimum 

*A. E. .Sundarson, "A New High-I^eciaion Method for 
the Meoaurement of the VSWR of Coaxial Connectors," 
IRK Transaction* * on Miertnrave Theory and Techniques, 
Vol MTT-9. No 6. November 1961, pp 524-628. 

* A. E. Sanderson. "Calibration Techniques for One- and 
Two-Port Devices Usinft Coaxial Reference Air Lines as 
AI)8oIute Impedance Standards," Instrument Society of 
America Preprint 21.0-3-6-1. 


can be located accurately for a vswr 
as low as l.OOl. 

In the substitution method, a multi¬ 
ple plot IS recorded, showing (1) the 
VSWR of the unknown connected di¬ 
rectly to the slotted line and (2) the 
VSWR with the reference air line inserted 
l^etween the unknown and the slotted 
line. (See Figure 6.) With the imped¬ 
ance transformation of a quarter-wave 
air-line section, the difference between ^ 
the two curves represents twice the 
VSWR of the unknown impedance with 
respect to the reference air line. The 
residual vswr of the slotted line ef¬ 
fectively cancels out. 

To determine phase, a curve is run 
with a short circuit at the reference 
plane, as before (see Figure 7). The posi¬ 
tion of minimum of the unknown is 
halfway between two adjacent intersec¬ 
tions on the multiple vswr plot and can 
thus be located \vith pinpoint accuracy, 


Figure 7. Multiple recording 
used in substitution-method 
VSWR and phase measure¬ 
ment. 
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no matter how low the vswr may be. As 
before, d and X are both on the chart 
paper, and their quotient becomes the 
*Svavelengths-toward-load'' reading on 
the Smith chart. 

Insertion VSWR 

Many of the most common design 
problems can be cast in the form of two- 
port unknowns, and the insertion vswr 
of a two-port unknown can be mea.siired 
very accurately on the slotted-Iine 
recorder system by a substitution 
method.•• * Examples of design prob¬ 
lems centering on the insertion vswr 
are the design of coaxial connectors, of 
isolated bead supports, or of transitions 
Ijetween coaxial lines of different diam¬ 
eters. Separating the reflections of the 
two-port unknown from those of the 
slotted line and termination has always 
been difficult in such design problems. 
In the substitution method with the 
recorder system, separation is easily 
achieved, since the undesired reflections 
cancel out, while the desired reflections 
do not. The insertion vswr of the two- 
port is the difference between two 
curves recorded on the same section of 
chart paper, just as in the one-port 
substitution method described above. 
The short-circuit reference plane marks 
can also be recorded on the chart paper 
for Smith-chart plots of the measure¬ 
ment (see Figure 8). 



FIgwr* t. Recording showing incortion VSWR of o 
motod pair of OR900 odoplort (Typot 900*QNJ 
ond .QNP) ot 7.5 Oc/t. 

Repeatability 

In the process of any vswr measure¬ 
ment it is important to check periodi¬ 
cally that the measurement is repeat- 
able, that is, that it can be duplicated 
several times in succession with a 
variation no greater than the rated 
repeatability of the connector (for the 
GR900, 0.05%). The Type 1640-A 
system is well suited for such checks, 
because several successive curves can 
be plotted on the chart for direct inter¬ 
comparison, as shown in Figure 9. For 
this check, it is desirable to match the 
slotted line to its load by means of the 
Type 900-TUA Tuner (see page 15) 
for maximum recorder scale expansion 
(1.008 full-scale). The successive curves 
are spaced with the recorder centering 
control and should agree within 0.05%, 
or 1.0005. 



Figure 9. Mullipio recording 
showing exceiient repeofobii- 
ify of OR900 ioinf with connec> 
tort at tix different orienta¬ 
tions, In a very lew VSWR 
meotvrement. 
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Figur* 10. Typical rvcording of tytlom noito ol 
2 Oc/%, with Typo 1360>B Microwovo Otciliofor 
used at signal tourco. Chart tpood was 30 div/ 
min. Noto that total oxcurtion ovor ontiro 25- 
socond rocording it oquivaloni to VSWR of only 
1 . 0002 . 

System Noise Check 

The equivalent noise level of the 
system, all-important in precision vswr 
measurements, can be checked easily 
with the Type 1640-A Slotted Line 
Recorder S)rstem. Contributing about 
equally to the system noise are three 
sources: the signal sources, the crystal 
detector, and the recorder it^lf. To 
measure the vswr equivalent of system 
noise, the probe carriage drive is de¬ 
clutched, the recorder set for maximum 
resolution, and the chart drive acti¬ 
vated. Since the probe is not moving, 
the sole cause of any wiggles on the 
chart is system noise. The peak-to- 
valley noise excursions can then be 
translated into an approximately equiv¬ 
alent VSW R. In the example of Figure 
10, the peak-to-valley ratio is 0.02%, 


for a vsw'R equivalent of 1.0002. This ^ 
amounts to a basic hgure of merit for 
the system, since the vswr of the un¬ 
known must be comfortably above that 
of the noise level in order to give 
accurate results. 

SUMMARY 

The use of a graphic level recorder 
greatly enhances the usefulness of the 
precision slotted line. Among the bene¬ 
fits derived from this synergistic al¬ 
liance are: 

— a scale expansion that makes the 
recorder the equivalent of a vsw r meter 
with a 10-foot-long scale, 

— a signal-to-noise ratio of over 
80 dB, 

— the pinpoint location of positions 
of minima, 

— the many advantages of multiple 
recording (in substitution measure- ^ 
ments, for example), 

— the possibilities of graphical analy¬ 
sis of recordings, 

— the availability of permanent re¬ 
cording for reference and later study. 

For engineers working on coaxial 
design problems, for instructors wishing 
to demonstrate standing-wave phe¬ 
nomena mast effectively, for anyone 
concerned with slotted-line measure¬ 
ments, the Type 1640-A Slotted Line 
Recorder System merits very serious 
appraisal. 


— A. E. Sanderson 


SPECIFICATIONS 


SLOTTED LINE (TYPE 900-LB) 

Characteritfic lmp«danc«: 50.0 ohms :h0.\%. 

Proba Travail 50 cm. Scale calibrated in centi¬ 
meters from reference plane. Attached vernier 
can be read to 0.1 mm. 

Scale Accuracy! db(0.1 inm + 0.05%), 

Froquancy Rang*: 0.3 to 9 Gc/s. At 300 Mc/s, 


wjvera a half wavelength. Operates below 
300 Mc/s with Type 900 !*reciaion Air Line. 
Constancy of Prob* Pickup: d:0.5%. 

Rotiduol VSWR: Less than 1.001 -f- O.OOl/o. 
(e.g., 1.002 at 1 Gc/s). 

Acc*ssori*« Roquirod: Generator and detector. 
Dimensions: Width 271^, height 10, depth 
4^ inches (700, 255, 125 mm). 
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RECORDER (TYPE 1521-51) 

S«mltivity: OintiDUoufily adjustable from 0.05 
to 2.0 mV (on-acale). 

Frtqutncy: 990 c/s ^ 2%. 

Bondwidfhs 35 o/a d:7 c/s (at 3 dB). 

VSWR Rang*: Continuously adjustable from 
1.008 (0.8%) to 1.20 (20%) full-scale; accurate 
to within one minor division. 

Nob* l*v*l (r*f*fr*d to inpMf): Short-circuit, less 
than 0.1 mV; open-circuit, less than 3.0 pA. 
Noise figure less than 5 oB at the optimum 
source resistance (about 30 kilohms). 

Powor R*^«ir*d: 105 to 125 or 210 to 250 V, 
60 c/s, 35 W. Ttpe 1521-SLQl Recorder, 
used with Type 1640-AQl System, 50 c/s. 

Chart Pap*r: 4-inch recording on 5-inch paper; 
40 minor and 8 major divisions vcrticuly. 
Horisontal scale niling, ^ inch. 

Paper Sp**d«t Adjustable, 2.5 to 75 inches per 
minute; plots correspond to 5- to 300-cm/min 
carriage travel on slotted line. Two inter¬ 


changeable sprockets advance paper 1 or 2 
horizontal divisions per cm probe travel. 

S«rvo Bandwidth of P*n Driv*: More than 4 c/s. 
Input Connector: GR874 Coaxial Connector, 
lo^ng, recessed. 

SYSTEM 

Accetseriet Supplied: Typb 874-R22A Patch 
(Jord; Type 900-WN Precision Short Circuit; 
Type 9()(>-W0 Precision Open Circuit; tuning 
stub — probe assembly (including 1N21C and 
1N23C crystals); rf-probe assembly (with 
Type 874-BL C'onnector); micrometer carriage 
drive (accurate to 0.01 mm); spare drive cable: 
storage box; Smith charts; two pens; 2 os rea 
ink; 2 os green ink; potentiometer cleaner; 
10 100-ft rmls of chart paper; eyednippers for 
filling pen; power cord; spare fuses. 

Bench Spoc* Required: Width 48, depth 14 in 
(1220 bv 355 mm); hei^t above bench, 12 
in, depth below bench, 9 in (315 and 230 mm). 

Net Weight: 67 lb (37 kg). 

Shipping Weight: 120 lb (55 kg). 


Type 


Price 


1640-A Slotted Lin* Recorder System (for 60-cycle supply) $1975.00 

1640-AQ1 Slotted Line Recorder System (for 50-cycl* supply) 1975.00 


U.8. Patent No 2.581,133; 2,548.457. 


REFERENCE AIR LINES 
FOR THE 

(GI(9(X) series 



INSERT 


INNER 


CONDUCTOR 


TER 


JCTOR 


MOUNTING 

TOOL 


Figure 1. 


New GR900 Reference Air Lines de¬ 
rive exceptionally loiv vswr chiefly by 
the elimination gf bead supports. The 
inner conductor is suspended instead 
by the center contacts of the GRlKiO 
connectors with which the air line is 
mated (see Figure 1 above and Figure 1, 
page 19). Use of the l^eadless GR9f)0 
connection helps make the accuracy of 
these air lines several times that of the 
Type 9()0-BT Connector. Thus GRQOO- 


eqnipped instruments and components 
can now be quickly and conveniently 
calibrated with resfiect to the new 
standards. For example, the Type 
900-LB l^recision Slotted Line, whose 
VRWR accuracy specification is 1.001 
-f 0.001/oc, can typically be calibrated 
to an accuracy of 1.0008 or better 
with the Type 9(X)-LZ Reference Air 
Lines and the new Type fH)0-TlIA 
Tuner. With this new calibration sys- 


11 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (SOO) 899-8438 • fax: (516) 334-5988 






OCNERAl RADIO EXPERIMCNTIR 



t€m, the customer can now verify the 
performance of any GR900 device and, 
if he desires, correct measured data for 
the effect of the small residual vswr's 
that are present. Furthermore, the ref¬ 
erence air lines are themselves ^‘check¬ 
able” by means of electrical half-wave- 
substitution measurements and me¬ 
chanical measurements of diameter and 
length (in turn traceable to the Na¬ 
tional Bureau of Standards). 

The ultimate standard of 50-ohm 
impedance upon which the entire GR- 
900 line is based is the characteristic 
impedance of the Type 900-LZ Ref¬ 
erence Air Lines shown in Figure 1. 
These are coaxial transmission lines of 
very accurately controlled mechanical 
dimensions, and thus of known charac¬ 
teristic impedance and electrical length. 
The characteristic impedance depends 
primarily on the ratio of diameters of 
the inner and outer conductors and is 
controlled to 50 ohms rfcO.05% with 
tolerances of 100 and 50 microinches on 
outer and inner conductors, respec¬ 
tively. Both inner and outer conduc¬ 
tors are overlaid \^'ith pure silver for 
minimum loss. The electrical lengths 
are controlled to dbO.002 cm and are 
slightly shorter than the nominal length 
to allow for the dielectric constant of 
air (1.0007) and for the fact that the 
velocity of light is not exactly .‘i X 10‘® 
cm/second but 2.997925 X 10*® cm/ 
second. This adjustment makes the 
line lengths e.\actly integral numbers 
of wavelengths at integral frequencies 
(1 Gc/s, 2 Gc/s, etc) for convenience 
in calibrations. Since the time delay 
and capacitance of each line also come 
out in round numlx?rs, the air lines 
are convenient standards of these para¬ 
meters as well as of impedance. The 
specifications table lists quarter-wave- 



Figwre 2. Smlth>chort determination of Instrument 
refioction coefficient (HtD) ond load reflection co- 
efficiont (Pi) from measured values of P' ond P'^ 
with quarter-wave reference air line. 

length frequencies, capacitances, and 
time delays for the six reference air 
lines presently available (5, 6, 7.5, 10, 

15, and 30 cm). 

The inner conductor of the reference ^ 
air line derives its support from the 
connectors in the system under test, 
obviating the need for dielectric bead 
supports within the air line. The inner 
and outer conductors are of equal 
length and without steps, joints, or 
slots, which would destroy their useful¬ 
ness as calculable standards of micro- 
wave impedance. When connected to a 
system under test, the Reference air line 
is an ideal section of transmission line 
from the reference plane on the input 
connector to the reference plane on the 
output connector. 

Applications 

The use of ideal sections of trans¬ 
mission line to calibrate measuring 
instruments and components is illu.s- 
trated in Figure 2. When a termination 
with a finite reflection coefficient is ^ 
measured on an instrument having a 
finite error, the measured reflection 
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coefficient equals the vector sum of the 
reflection coefficients of the two de¬ 
vices. The equation for small reflection 
coefficients (r<0.1) is: 

r = r« + Ti (1) 

where 

P* = initial indicated reflection 
coefficient, 

Pm = residual reflection coefficient 
of the instrument, 

Pi = load reflection coefficient. 

The insertion of a reference air line 
of electrical length L between the 
mciisuring instrument and the load 
has no effect upon the Pm vector, but 
rotates the phase of the Pi vector by 
4ir/VX radians about a point on the 
Smith chart equal to the characteristic 
impedance of the air line. This fact is 
the key to the separation of instrument 
error from load error and to their mea.s- 
urement with respect to a known and 
calculable rf impedance, the character¬ 
istic impedance of the reference air line. 

For calibration purposes, the most 
convenient lengths of reference air line 
are the odd quarter wavelengths, for 
the rotation of the Pi vector is then x 


radians, or 180 degrees, corresponding 
to a change of sign of the Pi vector. 
The measured value of reflection co¬ 
efficient after insertion of the reference 
air line, P", is therefore: 


r' = r--ri. (2) 

Vector addition of equations (1) and 
(2) and rearrangement yield the resi¬ 
dual reflection coefficient of the meas¬ 
uring instrument: 

r + r 


r« = ' 


(3) 


Vector subtraction of equation (2) from 
equation (3) yields the reflection co¬ 
efficient of the load: 


P* 


•> 


(4) 


The corresponding vs wit’s are ob¬ 
tained from the formula: 


V.SWR = 


i±\n 

1 - in 


The alK)ve results c^n be generalized 
to apply to lengths other than odd 
quarter wavelengths and to two-port 
as well as one-port unknowns, to 
achieve the same high acciiracy at any 
frequency in the measurement of any 



a SAMPLE IN TYPE 900-L2 


Figure 3. Dielecfric-sample fobri* 
cation for meosurement in Type 
900-LZ Reference Air Line. 


-LtSSS 



DIMENSIONS IN INCHES. 

TIR • TOTAL INDICATED RUNOUT. 


b SAMPLE Dimensions 
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GENERAL RADIO EXPERIMENTER 


microwave component. The general 
formulae and ref|uire<l techniques arc 
described fully in References I and 2. 

The Type *K)0-LZ iVir Lines can also 
be used in the measurement of dielec¬ 
trics. The air lines, being open at both 
ends, sen'c as convenient holders for 
dielectric samples fabricated in the 
coaxial cross-section shown in Figure 3. 
The electrical length and the attenua¬ 
tion of the dielectric-filled line can be 
measured with high accuracy on the 
Type 1)00-LB Slotted Line as described 
in the operating instructions for the 
Slotted Line, and these quantities are 
related to the dielectric constant and 
the loss tangent of the material with 
the formulas: 



0.0360 .4X 
tan 5 = -, 

L# 

where er = relative dielectric constant, 
tan 5 = loss tangent, 

L, = electrical length of dielec¬ 
tric specimen, in cm, 


Lp = physical length, in cm, . 

A = attenuation in specimen ^ 

owing to dielectric losses, 
in dB, 

X = wavelength at test fre¬ 

quency, in cm. 

All quantities in the formulas can be 
accurately measured with the Tt'pe 

900-LB Precision Slotted Line and the 
^licrometer Carriage Driv'c. The accu¬ 
racy of this technique is about ±0.2% 
in dielectric constant and ±0.0001/ 

v//o« in loss tangent from 300 Mc/a to 
9 Gc/s. 

-A. E. S.\.\DEWSOX 

REFERENCES 

1. A. E. Sanderson, “Calibration Techniques 
for One- and Two-Port Devices Using Coaxial 
Reference Air Lines as Absolute Impedance 
Standards,” Instrument Society of America 
Preprint 21.6-3-64. 

2. A. E. Sanderson, “A New Iligh-Prccision 
Method for the Measurement of the VSVMt of ^ 
Coaxial Connectors,” IR.E TraruactioM on 
Microwave Theory ami Techniques^ Vol MTf-O, 

No 6, November 1901, pp 524-528. 

3. D. \V'tM)ds, “A Coa.xial Connector System for 
Precision U.F. Measuring Instruments and 
Standards,” Proceedings of the !EEt V'ol 108, 

Part B, No 38, .March 1961, p 205-213. 


SPECIFICATIONS 


Fr»qu«ncy Rang*; Dc to 9 Gc/s. 

Chorocfcrltlic lmp«donc«: 50 ohms ±0.050%. 



Figure 4. VSWR characteristics. 


Additional skin-effect error is calculable. 

VSWR: Ix?s8 than 1.0005 ± 0.0002/<;*. 
Repeatability: Within (0.010± 0.00.3/{;«)%. 
Leakage: Better th.an 130 dB below signal, 
insertion Loss: fiCSS than 0.0008 Vfoc dB/cm. 
Maximum Voltage: 3000 V peak. 

Maximum Power: 20 kW/V/ue. 

Oc Contact Resistance (each end, mated with 
GR900); Inner conductor, leas than 0.5 mil- 
liohm; outer conductor, lt?88 than 0.07 milliohm. 


Type 

Electrical Cnpaci- Time (ldd\f4 

Length — cm tance—vF Delay—ps Frequencies* 
{±0.002 cm) (±0.07%) {±0.1 ps) —Gc/s 

Physical 
Length 
in —mill 

yet 
]V eight 
oz—g 

Price 

900-LZ5 

4.997 

3.3333 

166.7 

|2n + l)l.50 

2>/t- 55 

4.0-115 

$60.00 

900.LZ6 

5.996 

4.0000 

200.0 

(2n±in.25 

2Vi- 65 

5.0-140 

61.00 

900-LZ7H 

7.495 

5.0000 

250.0 

|2n±l)1.00 

3'^- 80 

5.5-160 

62.50 

900.LZt0 

9.993 

6.6667 

333.3 

(2n± 1)075 

4VW-105 

7.0-200 

65.00 

900.LZ15 

14.990 

10.000 

500.0 

{2n± 1)0.50 

6 -155 

10.5-295 

70.00 

900-LZ30 

29.979 

20.000 

1000.0 

{2n± 1)0.25 

12 -305 

20 -555 

85.00 


* Frequeiieies st whiob sir-line section is an odd multiple of a quarter wavelength, where n is xero or any integer. 
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NEW 

COAXIAL TUNER 
WITH 

NEUTRAL SEHING 


In raan^^ measure men ts with the 
GR900 system, there is the need to 
tune out the small residual reflections 
of the GROOO components. For exam¬ 
ple, by matching the Type IKK)-Wot) 
50-ohm Termination to the Type 900- 
LB Precision Slotted Line, one can ef- 
^ fectively upgrade the performance of 
the termination to the level of the 
slotted line — a fivefold improvement. 
In substitution measurements, accuracy 
and speed arc improved considerably 
when a matching tuner is used to set 
the initial conditions to a perfect match 
(P' = 0 in ecpiations (3) and (4), 
page 13). 

The Type 900-TUA Tuner (see Fig¬ 
ure 1), designed with the above re¬ 
quirements in mind, has the stability, 





Figur* 2. Crot«<s«ction vl«w of twn«r. 



Figure 1. Typ* 900>TUA Tun^r, shown In placo 
bttween roforonce air lino and Typo 900>W50 
50'Ohm Standard Termination. 


fineness of control, and re.settability 
necessary to tune out vswr’s as low ns 
1.001 or lower and to keep tht^m tuned 
out. In addition, wide bandwidth (1 to 
9 Gc/s), a unique “neutral’^ position, 
and reasonably orthogonal tuning ad¬ 
justments (for easy, rapid balance) have 
been achieved with the design shown 
in Figure 2. Each of three tuning 
adjustments consists of a capacitive 
tuning screw in the wall of the outer 
conductor and an inductive groove in 
the inner conductor, in the same plane 
as the tuning screw. Turning the screw 
counterclockwise places a small in¬ 
ductance in series with the line, while 
turning the screw clockwise adds a 
small capacitance in shunt with the 
line; positive or negative increments 
are thus produced along the imaginary 
axis of a Smith-chart impedance plot. 
To produce incremental changes along 
the real axis, another tuning screw is 
placed one-eighth wavelength (or an 
odd multiple of one-eighth wavelength) 
from the first, for this separation pro¬ 
vides orthogonality of the two adjust¬ 
ments on the Smith chart. The Smith- 
chart coverage of the two adjustments 
at band center is a square in the middle 
of the Smith chart. Off center fre- 
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A. LOGc/s 


Figure 3. Smith-chort plots showing tuning range of Type 900-TUA Tuner. Numbers at 
corners ore settings of screws 2 and 3, respectively. Tuning screw 1 is set at 5.00. Axis 
values are in terms of percent deviotion from match. A 10*percent mismatch corresponds 
to o VSWR of 1.100. 


quency, the square becomes a diamond 
of smaller area but is still centered on 
the Smith chart (see Figure 3). The 
reduction of matching area limits the 
useful frequency range of a given pair 
of screws to the octave between two- 
thirds and four-thirds of the center 
frequency. 

Each tuning screw can be st^t so that 
its shunt suscepUuicc exactly cancels 
the .series inductance of the groove, 
and the net effect of the two discontin¬ 
uities is zero. This is called the neu¬ 
tral position of the tuning adjustment. 
Because the effects of lx)th shunt sus- 
ceptance and series inductance in¬ 
crease with frequency at the same rate, 
and because the .screw and the groove 
are placed at the same point in the 


transmission line, the neutral setting is 
indepcTulent of frequency. The neutral¬ 
setting feature was, in fact, fundamen¬ 
tal to the design of the tuner; only with 
such provision could several screws l>e 
placed in the transmission line at dif¬ 
ferent spacings to satisfy the odd- 
eighth-wavelength condition at many 
frequencies and to provide reasonably 
orthogonal tuning adjustments over a 
broad and continuous frequency range. 
In operation, two of the three screws 
in the tuner are adjusted for match 
(which pair depends on frequency), 
while the unused screw is simply set 
to neutral. Each tuning screw can be 
locked in any position, affording maxi¬ 
mum stability and repeatability. 




SPECIFICATIONS 


Froquency Range: 1.0 to 9.0 Gc/s. 

Characteristic Impedance: 50 ohniS, nominal. 
VSWR Matching Range: 1.00 -J- 0.0l2foet OF 
minimum. 

VSWR Resettability: Within 1.0005 + 0.0003 foe 
or (0.05 + 0.03/oe) %. 

Connectors: GH900 at each end. 

Residual VSWR: At neutral, less than 1.03 

Type 

900.TUA Ti 


from 1.0 to 5.0 Gc/s; less than 1.05 from 5.0 to 
7.0 Gc/a. 

Repeatability of Connection: 0.05%. 

Electrical Length: 12.0 CJH, nominal. 

Dimentiont: 4'A by 3^2 by 1 in (115, 89, 25 
mm). 

Net Weight: 1 lb (0.5 kg). 

Shipping Weight: 4 lb (1.9 kg). 

Price 


$165.00 
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JANUARY 1965 


new CofeoD TERMINATIONS 


A new short-circuit termination has 
been developed specifically for use with 
the reference air lines described in this 
issue. The Type ^.K)0-WNC Short- 
('ircuit Termination is cs.sentially a 
simple short-circuiting disk with a 
standard (iRIKX) center contact to sup¬ 
port the inner conductor of a headless 
Type tK)0-LZ Reference Air Line. The 
reference plane of the termination oc¬ 
curs exactly at the reference plane of 
the GR(KX) connector. Reflection co¬ 
efficient Is 0.999 or greater to 9.0 Gc/s. 

Because of the cflFects of fringing 
^ capacitance, the reference plane of the 
standard Type 900-WO Open-Circuit 


Termination* occurs 0.26 cm (elec¬ 
trical distance) beyond the reference 
plane of the GR900 connector. To fa¬ 
cilitate measurements requiring copla- 
nar short- and open-circuit termina¬ 
tions, we have developed the Type 900- 
WXE Short-Circuit Termination, 
whose reference plane is also displaced 
0.26 cm. This termination, like the 
Type 9(X)-WNC, contains a standard 
center contact to support the inner 
conductor of a Type 900-LZ Reference 
Air Line. Reflection coefticient is greater 
than 0.998 to 9.0 Gc/s. 


• John Zorsy, “Precision Coaxinl E<|uipnMmi — The 900 
Series," General Radio Experimenter^ November 1903. 


Type 

900-WNC Reference-line Short-Circuit Termination 

900.WNE Short-Circuit Terminotion (0.26 cm) 


Length Net Weight Price 

IVkin 2'/^ oz $16.00 

(27 mm) (70 g) 

IVkin 2*>6 oz , 17.00 

(27 mm) (70 gf 


TYPE 
900 0CP 


TYPetS*’ ^ 


:GR900 ADAPTORS 

NEW ADAPTORS 
TYPE BNC, 




TYPE 

OCJ 


TYPE 
900-OBJ 


TO 

TNC, AND 
C SERIES 


With the introduction of six new 
adaptors, GRlKlO-eqqipped instruments 
and devices can now be c(uickly and 
conveniently mated with the most 
popular coaxial connector types. The 


new adaptors arc: Types 900-QBJ and 
-QBP (adapt to BNC series); Types 
(KXLQC.J and -QCP (adapt to C series); 
and Types 900-QTXJ and -QTXP 
(adapt to TXC series). In each case, 
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the suffix .1 indicates that the adaptor 
is female (contains a jack), whereas a P 
suffix denotes a male adaptor (i.e., one 
containing a plug). 

Other OUlKK) Adaptors, described in 
an earlier issue, are the Tyck UOO-QN.I 
and -QXP (adapt Ui N si*ries) and the 
Tyi'K 9()0-Q874 (adapts to GU874 Con¬ 
nectors). 

The availability of adaptors from 
GRtKK) to nine other coaxial (!onn(*<‘tors 
greatly extends the usefulne.ss of all 
GUlKX)-<M|uipped instruments and com¬ 
ponents. A Type Slotted Line 

with a Type IMKj-QBJ Adaptor, for in- 


.stance, constitutes a BXC slott4Hl line 
capable of outstanding performance. 
-Also, since the electrical performance 
of each adaptor approache.s the theo¬ 
retical limit imposed by the design of 
the other-series conru'ctor, a GI19()() 
adaptor and a GUtXK) termination can 
be combined to form an other-series ter¬ 
mination of near optimum performance. 

Combined vswR specifications for 
the Type U(X)-L1^ Precision Slotted Line 
and the Type 9(K)-W50 50-ohm Termi¬ 
nation, each eejuipped with various 
GKfKK) Adaptors, are given in the ac¬ 
companying table. 


VSWR OF DEVICES EQUIPPED FOR OTHER COAXIAL SERIES 



SlotUti Lint 

{Type ifOO-LIi Plu^ (iUlKH) Atiuptor) 

oO~chni SUimlard Tenninaliim 
{Type IMXhWSO Plua GRlHM) Adaptor) 

Type* BNC 

TNC 

C 

1.006 + 0.016/ocfo 1 GcA 

1.016 -f Q.QQtfot from 1 to 9 GcA 

1.010 -F O.OlOfocto 1 GcA 

1.020 -f O.OlO/o* from 1 to 9 Gc/s 

Type N 

1.005 -h 0.005/(7, 

1.009 -f- 0.009/oc 


Type GR874 


1.001 -f 0.016/o. to 1 Cc/i 1.005 0.020/oe to 1 Gc/s 

l.On -I- 0.006foc from 1 to 9 Gc/$ 1.015 + O.OIO/oe from 1 to 9 Gc/% 


SPECIFICATIONS 


Type 

(*oniains 
mum fifui 

Connects 

to 

Ijtngth 
in—mm 

Xet Weight 
oz—g 

Price 

900-OBJ 

BNC jock 

BNC plug 

2•^—52 

3Vi—100 

55.00 

900-OBP 

BNC plug 

BNC jock 

2»/t—54 

4 —115 

55.00 

900-QJC 

C jock 

C plug 

1 5^—48 

3‘A—100 

55.00 

900.QCP 

C plug 

C jack 

2VU—52 

4 —115 

55.00 

900.OTNJ 

TNC jock 

TNC plug 

2V^—52 

3'A—100 

55.00 

900-QTNP 

TNC plug 

TNC jock 

2VW—52 

4 —115 

55.00 


Cgr‘900 connector kits 


'fliree new' connector kits permit cus¬ 
tom fabrication of refercMiee air lines 
and components compatible with GH- 
IHK) connectors. 

The Typv Lahoratarij 

sion ('onnrctor Kit i.s designed for use 
with coaxial elements with unsupported 
inner conductors. .\ reference air line of 


assembled from a pair of these kits and 
appropriate lengths of precision rod 
and tubing (General Radio Xo. 0900- 
9.*>08 and CMKKHK'tOO, re.'^pectively). 

Thr Type i)00-AC Ijiboratory Preci¬ 
sion Conncctor Kit contains the coupling 
hardware and center contact of a stand¬ 
ard GRiXX) conne<*tor. It can l^ used 


custom length, for instance, can be in place of a Type tMK)-BT connector 
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JANUARY 1965 


Figur* 1. Oost'tection vl*w of 
coaxiol line tecfiont fitted with 
Type* 900-AP (top) ond 900-AB 
Precition Coaxiol Connector Kits. 
Type 900-AP connection is some 
os that used in the Type 900-LZ 
Reference Air Lines. 



COAXIAL TRANSITION 



when the component’s inner conductor 
is supported within the component it¬ 
self. Since it includes only the ronne(!tor 
parts necessary for such applications, 
this kit offers the user superior electri¬ 
cal performance at a considerable sav¬ 
ing in cost. 

One GR900 center contact is all that 
is necessary for electrical connection in 
Typ* 


a GROOO joint. Therefore, when a com¬ 
ponent is to be used exclusively with 
GROOO connectors, the connector kit 
need not include a center contact. The 
Tupe 900-AH Laboratory Precision Con>- 
ncctor Kitj which contains GROOO cou¬ 
pling hardware, is intended for such 
applications. 

Length Set Weight Price 


900-AB Laboratory Precition Connector Kit IVWin (30 mm) 

900-AC Laboratory Precition Connector Kit 1VUin(30mm) 

900-AP Loborotory Precition Connector Kit 1 !4 in (32 mm) 


1 oz (28 g) 

1 oz (28 g) 

1 '/4 oz (35 g) 


4.80 

7.10 

5.40 


/i 



We'll be fifty years old this year. 
You'd never guess it to look at us. 
We pursue our business with the enthu¬ 
siasm of youth. Our plants are new, 
cleanly designed, smartly suburban. 
Our instruments are modern in shape 
and color. On appearances, you might 
take us for a spirited teen-ager. 


But look inside one of our bridges or 
sound-level meters or frequency stand¬ 
ards, and you know right away that 
we’ve been at that sort of thing for a 
long, long time. Take our new automa¬ 
tic capacitance bridge: it's streamlined, 
space-age, sophisticated, a state-of-the- 
art instrument if there ever was one. 
But somewhere in its marrow is a half 
century of bridge-<lesigning and bridge¬ 
making know-how. We've written off 
the cost of all this experience; it's yours 
as a bonus in every GR instrument you 
buy. 
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\Ve*ve como a long way since Melville 
Eastham first hung out the (ieneral 
Radio shingle in the summer of 1915. 
Some of the milestones (if you’ll per¬ 
mit us a semicentennial reminiscence) 
are the first commercial electronic stn>- 
lK)8copc, crystal frecjuency .standard, 
heterodyne wave analyzer, standard* 
signal genenitor and continuously ad¬ 
justable autotransformer. Yes, it’s l)een 
a lung road, but it's l>een a straight one. 
We have the same corpc)rate identity 
we started with, and, from 1915 wave 
meter to 1905 freciuency counters, our 
main product line has unwaveringly 
l)een electrical m<*asuring apparatus. 
End of reminiscence. To us, the suc¬ 
cess of 50 years isn’t a cushion, it’s a 
spring! K)urd. 

Now to the future. Instruments now 
in development convince us that, at 
GR, “the lK‘st is yet to lje.“ Here are 
some examples of what wc mean: 

The GR* automatic capacitance 
!)ridge will soon Ix^gin working for com¬ 
ponent makers all over the world, 
measuring their products at the rate of 
two or more* per second and feeding 
the answers to the latest data-proces.s- 
ing e({uipmcnt. 


Our frequency-synthesizer engineers ^ 
arc synthc^sizing again, and they talk 
of having a large family. 

New Strobotac® strolx)scopes unil 
flash into view with Imttery operation 
and flashing rates to 1.’>0,000 rpm. 

The GRtKX) line of precision coaxial 
components will grow like guppies, with 
the development of adapters, im{K)rtant 
new instruments, terminations, and 
many other elements. 

Our acou.stic program is full of .sound 
and fury, signifying, among other 
things, a precision sound-level meter 
and a new GR-made, measurement- 
grade microphone. 

For tho.se people w’ho like to hook up 
pulsers in comlanations to make stair- 
ca.so6 and other interesting d(^signs on 
a scope, w'e w’ill make it easy by offering 
a modular pulse genenitor. 

Then^’s much, much more, but by ^ 
now' you get the idea: Things are really 
humming at West Concord and Itolton. 

For the successes of our past, our 
sincere thanks to the customers who 
helped make it pos.siblc. The best w’ay s 
w'e know to repay you is to ket»p giving 
you the ({uality you have learned to 
expect w’hen you “buy GR.“ 
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